For centuries scientists have been fascinated with the question of how the brain works. Investigators have looked at both where different functions are localized and how the anatomical microstructure varies across the brain surface. Here we discuss how advances in magnetic resonance imaging (MRI) have allowed in vivo visualization of the fine structure of the brain that was previously only visible in post-mortem brains. We present data showing the correspondence between definitions of the primary visual cortex defined anatomically using very high-resolution MRI and functionally using functional MRI. We consider how this technology can be applied to allow the investigation of brains that differ from normal, and what this ever-evolving technology may be able to reveal about in vivo brain structure in the next few years.
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One of the most fascinating aspects of the brain is the range of functions that it can perform. While most other major organs of the body are specialized to perform a specific role, the brain is responsible for processing everything that we can see, hear, touch and think. For hundreds of years scientists have been interested in how this large variety of functions is represented in the brain. The first attempt at localizing function to particular regions of the brain came from the study of phrenology by Gall & Spurzheim at the end of the eighteenth century (Gall & Spurzheim 1810) . Human characteristics were assigned to different regions of the head according to the bumps on the surface of the skull with the belief that regions used frequently would increase in size, while those not used would atrophy. This division of function is shown in figure 1a . Clearly, the types of attributes that are represented in this division reflect the views of that time, and are no longer considered to have scientific value. Moreover, it is clear that differences in the shape of the skull do not necessarily reflect underlying differences in brain structure.
In the era when phrenology was becoming increasingly popular, neurologists were just beginning to investigate the structure of the post-mortem brain: the beginning of modern histology. The brain is made up of grey matter, white matter and cerebrospinal fluid (CSF). The grey matter contains the cell bodies and dendrites of the neurons and forms the cerebral cortex. White matter consists of the axons of the neurons and appears white due to the presence of a fatty substance known as myelin. Myelin surrounds the axons in order to increase the speed of transmission of information.
Finally, the brain is bathed in a solution known as CSF that provides cushioning for the brain within the skull.
Fransisco Gennari (Gennari 1782) was the first to identify a white line lying within the grey matter that was more predominant in the posterior regions of the brain. Several decades later, Baillarger (1840) investigated the cortex by cutting slices, putting them between glass slides and viewing them with a light shining through. With this more sensitive method he discovered that, in fact, this white line described by Gennari could be traced in all parts of the cortex. Although, these observations were made in the eighteenth and nineteenth centuries, it was not until 1907 that Elliott Smith used a lens to divide the cortex into over 30 regions based on the differences in the patterns of the white lines present in the cortex (Elliott Smith 1907) . These white lines identified by Gennari, Baillarger and Elliott Smith are actually myelin that exists within the cortex, and these patterns that occur in the cortex are known as myeloarchitecture.
At a similar time, Korbinian Brodmann, one of the best known anatomists, was also working to subdivide the human brain into distinct regions. However, rather than using the presence of the white lines within the cortex, he meticulously divided the cortex into 'areas' on the basis of the cell size, type and density as seen under a microscope (Brodmann 1909; Garey 1999) . This type of classification is termed cytoarchitecture. Although, several alternative classifications schemes have since been suggested (e.g. von Economo & Koskinas 1929), these 52 'Brodmann's areas' are still very much used in modern neuroscience. These cytoarchitectonic maps of Brodmann are shown in figure 1b.
It is, of course, true that identifying regions based on their visual appearance does not necessarily mean that the regions also have distinct functions. At a similar time to these histological divisions of the cortex, investigations were also taking place into the localization of different brain functions using patients who had suffered damage to their brain. One of the first functions to be localized in this way was language. In the late nineteenth century, Paul Broca studied a patient who could no longer produce any fluent speech, although he could understand spoken language (Broca 1861) . A few years later, Wernicke described a patient who could not understand language, and, although his speech was fluent, it was meaningless. Following the death of these patients, the location of the damage to their brains was identified. The two distinct regions noted in the patients are now known as Broca's area and Wernicke's area.
While looking at the specific deficits that arise from brain damage can indicate some type of functional localization, one of the problems is that the type of damage resulting from either strokes or impact tends to be quite extensive. Thus, actually locating the region of the brain that is critical for the lost function is very difficult.
Over the past decade, the use of functional brain imaging has allowed the investigation of functional localization in the brains of normal subjects. In this type of scanning, subjects are asked to perform a particular task, such as generating words or looking at a particular type of visual pattern, while changes in blood flow to the brain are measured. A localized change in blood flow indicates that a particular area is involved in the processing of that task.
While non-invasive methods for identifying the function of a particular brain region are now well established, there is still a challenge to relate this location to the architecture visible under the microscope. Here, we describe how imaging technology can now be used to identify anatomical regions based on the underlying myeloarchitecture in the living human brain. This has allowed a comparison between underlying anatomy and functional specialization in the living human for the first time. We then discuss, with two examples, how this anatomical imaging can provide additional, important information about damaged brains. Finally, we consider how this technology may be improved over the next few years to provide an even more sensitive method of investigating the anatomy underlying brain function.
FINDING THE MYELIN USING MAGNETIC RESONANCE IMAGING
Most people are familiar with magnetic resonance imaging (MRI) scans of the brain and the way they beautifully depict the internal structure of this fascinating organ. The most striking feature in such scans, apart from the overall shape of the persons head, is the distinction between the convoluted surface of the brain-the cerebral cortex-and the white matter connections that wire up different parts of the brain to each other. While MRI is understood to map the concentration of water in the structure being imaged, this distinction between white matter and grey matter arises in a much more subtle way. In nuclear magnetic resonance (NMR), the phenomenon that MRI is based upon, a characteristic property of the hydrogen atoms being imaged is the freedom of motion that the water molecules they are attached to have. This property is characterized numerically as the 'relaxation time' T1. MR images can be made sensitive to T1, such that water molecules in free solution could appear dark on an image when compared to water molecules that are in the vicinity of large fatty molecules, such as the myelin that coats the axons in white matter. Such imaging methods have been used for many years to generate in vivo images of the human brain, and diagnose disorders of the white matter, such as multiple sclerosis. However, as described earlier, the white matter is not the only place where myelin is present in the brain. In certain regions of the cerebral cortex, connections within the cortex are also myelinated, giving rise to the patterns of myeloarchitecture used to make anatomical distinctions between brain areas. One of the most striking examples of this is in the primary visual cortex where there is a very dense band of myelination in the middle of the grey matter. This band, first described by Gennari, gives rise to this structure's alternate namethe striate cortex. Attempts to image cortical myelination in living humans, however, have not been so straightforward. The major obstacle to imaging this myeloarchitecture is its size. Most imaging of the brain is performed at a resolution of around 1!1!1 mm 3 . However, since the thickness of the myelin band within the cortex is only around 0.25 mm, it would not be visible at that resolution. Therefore, it is necessary to increase the resolution of the scans. The first attempt to do this was by Clark et al. (1992) . Imaging on a standard 1.5 T clinical scanner, they observed a dark band within the cortex on MRI scans. In this work, they aligned the imaging slices to be perpendicular to the plane of the cortex so that their high in-plane resolution of 0.39 mm would stand a chance of detecting the myelinated band. While these images were promising, it took considerable developments in imaging technology to provide images that unequivocally displayed the myelination of the striate cortex. The challenge in such imaging is to overcome the huge reductions in the ratio of 'signal' to 'noise' that occur when the resolution of the images is increased. By using innovations such as high magnetic field (3 T) specialist MRI machines, novel detection hardware and repeated measurements over a period of up to an hour, several research groups have been able to clearly demonstrate the ability to image the cortical myelin pattern of the striate cortex in vivo (Barbier et al. 2002; Clare et al. 2002; Walters et al. 2003; Bridge et al. 2005) . Examples of such images are shown in figure 2. On these images, myelin appears dark relative to nonmyelinated grey matter (the CSF that bathes the brain appears brightest). This is opposite to what is seen on a classical T1-weighted image, due to the particular parameters used. The cortical myelination can be seen as a dark line within the grey matter as indicated by the white arrows. In each image, the thickness of the 'slice' that is imaged is considerably larger than the in-plane resolution of 0.3!0.3 mm 2 , meaning that as the highly convoluted cerebral cortex curves in and out of the slice, the stria of Gennari appears and disappears. In order to increase the detection of the striate cortex, our approach has been to image the cortex at three different orientations, as shown in the three rows of figure 2. Thus, by combining the information from the three scans it should be possible to detect the stria of Gennari throughout its length.
COMPARING STRUCTURE AND FUNCTION IN THE LIVING BRAIN
One of the problems with the histology performed in post-mortem brains is that there is no opportunity to investigate whether the divisions based on the anatomy correspond to divisions that can be measured functionally. The ability to detect myelin within the cortex of living human subjects provides us with an ideal opportunity to investigate whether the myeloarchitecture-based divisions correspond to those determined functionally.
The visual system lends itself particularly well to investigating the relationship between functional and structural definitions, as it is possible to subdivide the occipitial lobe into several different functional areas. Zeki (1970) showed that the primate visual cortex could be divided into multiple distinct areas, each with its own representation of the visual field, i.e. every point in the visual world is represented once in each visual area. Furthermore, these maps are arranged 'retinotopically' such that objects adjacent in space are also represented by adjacent bits of cortex. This neural arrangement has been exploited by visual scientists using functional MRI (fMRI) to identify several distinct visual areas in human subjects (Engel et al. 1994 (Engel et al. , 1997 Sereno et al. 1995; DeYoe et al. 1996) . These fMRI experiments use two types of flashing stimuli. An expanding ring stimulus, as shown in Figure 2 . Viewing the stria of Gennari with high-resolution imaging. In these images, the white matter appears as dark and the CSF as white. The three rows represent the three different orientations at which the brain was scanned in a single subject. The right column shows a magnified view of the region around the primary visual cortex. The stria of Gennari can be seen as a dark line in the middle of the grey matter, as indicated by the white arrows. These scans were acquired at a resolution of 0.3!0.3 mm figure 3a, is used to measure the response to different eccentricities of the stimulus. The subject views the centre of the screen, while the flashing ring stimulus is increased in size from very small in the centre to the large annulus shown in the figure. This causes a travelling wave of activity to move across the surface of the visual cortex. Figure 3b shows a rendering of the activity on the visual cortex of one subject. It can be seen that the activity corresponding to the stimulus being at the centre of the visual field is at the back of the brain (red/yellow) and as the stimulus gets larger, the focus of the neural activity moves forward in the brain.
The angular dimension is mapped using a wedge of flashing stimulation, as shown in figure 3d. The wedge is moved around the visual field as the subject looks at the centre of the screen. Each hemisphere only has a representation of one-half of visual space, leading to the pattern of activation seen in figure 3e. Since multiple visual areas exist, and each has a representation of the visual field, a pattern of stripes can be seen on the cortex. When the cortical surface is computationally flattened, this pattern of stripes becomes more obvious. Figure 3c shows the eccentricity activity on a flattened representation of the visual cortex. Figure 3f shows the activity due to the change in angle as the flashing wedge moves around the visual field. The primary visual cortex is marked V1 on figure 3f, and contains a representation of one-half of visual space. V1 is bordered on both sides by the secondary visual cortex (V2). These borders occur at the vertical midline, as can be seen by the flattened view. One-half of V2 represents the upper visual field, and the other half represents the lower visual field, such that the two parts of V2 can be added together to give a representation of the whole hemifield. In order to obtain this type of flattened representation, it is necessary to be able to determine regions of grey matter. This is because the However, this is due to the folding of the cortex, and, in fact, along the cortical surface the distance between the two points is considerably longer (shown by the white and black dashed line).
cortical surface has many folds (leading to sulci and gyri) so, although two parts of the brain may look as though they are adjacent, in fact they may represent areas of visual space that are quite far apart. Figure 4 illustrates this problem. The physical distance between X and Y is very small. However, the distance along the cortical surface, shown by the dashed white and black line, is considerably longer. Therefore, regions X and Y may represent quite different regions of the visual field. In order to produce flattened cortical maps, such as those in figure 3 , on which the functional data can be overlaid, it is critical to have an excellent method to distinguish the grey matter from the white matter and CSF. This method of mapping the functionally defined primary visual cortex allows us to investigate whether the anatomical definition of the striate cortex corresponds with the functional definition. The demonstration of correspondence between these two measures can validate these two independent methods of defining V1.
We set out to test how well the striate cortex defined anatomically corresponded with this functional definition of V1. We scanned five subjects with both highresolution anatomical imaging and fMRI to identify the location of the border between V1 and V2. The highresolution imaging was performed in three separate scanning sessions, using three different slice orientations (shown in figure 2) . To obtain a map of the cortical region where the myelination could be visualized, three observers independently marked on each of the three high-resolution scans where they could see the dark line through the cortex. For the final images, any region of cortex where two of the three observers could see the myelination was considered to contain the striate cortex. These regions of cortex were then transformed from the three individual scans to a scan of the whole brain that was taken for each subject, allowing the data to be combined from the different scan orientations. An illustration of the region identified as containing the myelination pattern on a flattened brain for a single subject is shown in figure 5a .
We hypothesized that the cortex showing myelination should only be found within the primary visual cortex, and not outside. In order to measure this, we performed a retinotopic mapping experiment using fMRI in the same subjects to measure the location of the functional border between V1 and V2. The retinotopic map from the same subject is shown in figure 5b . The border between V1 and V2 is shown in black. When the anatomical and functional definitions of the striate cortex/primary visual cortex are combined, it is clear that they correspond well. In figure 5c , it can be seen that the majority of the region where the striate cortex is identified (white region) lies within the region designated V1 by the retinotopic mapping. However, it is also clear that although a considerable amount of myelination can be identified within the functional definition of V1, it is not fully covered. In fact, the proportion of this functionally defined V1 in which the myelination could be identified was 81%. Across all five subjects that were scanned in this experiment, the mean proportion was 56%. One of the challenges with this high-resolution scanning technique is improving the data quality such that this proportion can be increased to nearer 100%. Possible methodological improvements will be discussed later.
There are two major obstacles to the comparison of the high-resolution structural images with the functional images. First, there is a significant difference in the resolution of the images. The structural images are 0.3!0.3!1.5 mm 3 compared to 2!2!2 mm 3 for the functional images. This difference in values is necessary because the structural imaging requires very high spatial resolution, while the functional imaging requires very high temporal resolution. However, this difference should not lead to any systematic offset between the two datasets. Second, the technique used to gather the fMRI data, known as echo planar imaging (EPI) can lead to image distortions. Such distortions are not present in the structural imaging. However, in the visual cortex, distortion of EPI images is low because there are no large areas of CSF, a major cause of distortion. A third possibility is that the particular pattern of blood vessels in the region of the boundaries between visual areas will affect the fMRI signal. However, it is not the magnitude of the neural response that provides the location of the boundary, but the pattern of the response. Therefore, although the signal magnitude may vary considerably due to the vasculature, there should not be any consistent effect on the boundary location measured with fMRI. To summarize, although there are major differences in spatial resolution and distortion between the structural and functional techniques, neither should consistently affect the location of visual area boundaries. This is reflected in the close correspondence between the boundaries measured with the two techniques.
A second visual area that has been investigated is that known as human V5 or middle temporal area (MT). This area is particularly sensitive to moving stimuli, and when a subject is presented with a field of moving dots compared to stationary dots, this region will activate (Zeki et al. 1991; Watson et al. 1993; Tootell & Taylor 1995; Huk et al. 2002) . Furthermore, patients with damage in this region often show 'motion blindness' such that they are impaired at tasks that require the detection of motion, but unaffected on those that do not (Marcar 1997) . Studies in the macaque monkey have shown that the homologous motion sensitive region (V5/MT) has a distinctive pattern of myelination within the cortex. Walters et al. (2003) tested the relationship between the structural region detected with the high-resolution MRI and the region of functional activation to moving visual stimuli. They found that the area believed to show the myeloarchitecture characteristic of V5 was in good spatial alignment with the activated region.
A detailed study of the myeloarchitecture of the human visual cortex by Clarke & Miklossy (1990) has raised the possibility that it may be possible to distinguish further visual areas on the basis of their pattern of myelination. However, it is likely that further methodological improvement will be necessary before such a study is attempted.
APPLICATION OF THE METHODOLOGY TO ABNORMAL BRAINS
The data presented above illustrate that the myelination as imaged using high-resolution MRI can indicate the region of cortex that represents the primary visual cortex. There are several useful ways in which this technique can be applied. In particular, this methodology is useful in patients with abnormal brain structure. For example, if there is a tumour or lesion in the visual cortex, it may be difficult to locate V1 from the normal position of the calcarine sulcus due to movement of or damage to the brain. Furthermore, while it may be possible to produce a retinotopic map to functionally define different visual areas, this is considerably more difficult when the brain structures are not in their usual place. This difficulty arises, in part, because it is necessary to identify the grey matter of the cortex and distinguish it from the white matter and CSF in order to produce a retinotopic map, from which the visual areas can be defined. In a normal brain this is reasonably straightforward, because the T1 values for these three types of brain matter are quite discrete and distinction is not too difficult. However, where there is additional matter present, such as a tumour, determining the entire surface of grey matter is considerably more difficult. Any errors in this process mean that when the cortical surface is subsequently flattened out, points that are adjacent on the cortical surface are not necessarily adjacent on the flattened map. The boundaries between visual areas are therefore likely to be considerably more difficult to detect.
Although, it is necessary to distinguish the grey matter in order to define the striate cortex in the highresolution image, it does not require a continuous cortical surface as is necessary for the retinotopic mapping. Therefore, this technique could help localization in abnormal brains where there is a need to identify the striate cortex. We have performed highresolution scanning in two patients in order to try to detect the striate cortex as a method for locating V1 in affected hemispheres, one in a patient with a large occipital lesion and the other in a patient with an occipital tumour.
Subject GY has been studied extensively over the past 20 years (Barbur et al. 1980 (Barbur et al. , 1993 Baseler et al. 1999; Cowey & Stoerig 2004) . Following a car accident at the age of 8 years, GY suffered an extensive lesion in the region of the left primary visual cortex (figure 6a) and in the right parietal lobe (not shown). Lesions of V1 render subjects blind on the affected side, and in fact the region of the visual field that is affected can be predicted from the area that is damaged. GY has been studied due to a phenomenon that he shows, termed 'blindsight'. This means that, despite not being able to 'see' in his blind field, GY can perform several tasks above chance levels, such as detecting the direction of a moving stimulus. When doing these tasks GY feels that he is guessing, and therefore is unaware that his choices are often correct. One of the popular explanations for this is the existence of a direct pathway from the subcortical visual areas to the motion area, human MT/ V5. However, it is important in experiments such as these to ensure that there are no remaining regions of V1 that underlie this ability. Barbur et al. (1993) measured the visual field of GY to investigate the regions in which his vision was affected, and found that his central visual field (less than 2.58) was spared, as was a small strip of the lower visual field. Therefore, in these regions GY can consciously see objects. The spared region of V1 corresponding to central vision can be seen on a normal MRI scan of the brain, as it is clear that the damage did not extend all the way to the back of the brain. Baseler et al. (1999) used fMRI to produce a retinotopic map for patient GY in both his affected and unaffected hemispheres. While the retinotopic map showed activation in the spared central region of the visual field, activity in the dorsal part of primary visual cortex, which would correspond to the strip in the lower visual field, was not obvious. However, Baseler et al. noted that in higher visual areas that receive input from V1, there was activity that could have come from the dorsal part of V1.
We applied our high-resolution technique in an attempt to locate remaining regions of striate cortex. Figure 6a shows a single slice from a scan of GY's brain showing the large lesion in the occipital cortex (indicated by the white arrow). Figure 6b shows two slices from the high-resolution scans that show the lesion (and CSF) as bright white. Adjacent to the lesioned region is a section of dorsal visual cortex (representing the lower visual field) that appears to show the myelination predicted for primary visual cortex. In this case, we do not have the functional data to test whether this region lies within the central spared vision or not. However, it is clear that the combination of this technique, that has the potential to detect 'islands' of residual striate cortex, with a carefully constructed retinotopic map should provide a complete plan of striate cortex regions that remain following damage to the visual cortex.
Our second patient was referred to a neurologist complaining of blurring in the visual field. CT scanning revealed a tumour in the posterior region of the right occipital lobe. This tumour can be seen in figure 7a as a white region at the back of the brain. In order to provide an idea of the risks of surgical removal of the tumour, we were asked to investigate the cortical tissue surrounding the tumour to suggest what visual function could be lost if this tissue were damaged during surgery. As described above, since the majority of retinal output is projected to V1, and then on to higher visual areas, loss of any of this region will render the subject effectively blind in some or all of one visual field. As an initial step, we used a standard retinotopic mapping fMRI experiment to attempt to identify V1 based on its functional organization. However, two factors affected our ability to achieve this mapping. First, the level of response to the stimulation was considerably weaker in the side with the tumour. Second, the identification of the grey matter was very difficult due to the presence of the tumour, as it was not always clear how to classify a particular piece of tissue. This functional data gave an initial estimate of where V1 was located and its relationship to the tumour location. In order to attempt to establish conclusively that this functionally defined region did indeed correspond to V1, we performed a high-resolution scan to locate the striate cortex. Two slices from this scan are shown in figure 7b . The tumour can be seen on these scans circled in white. The presence of myelination is indicated with the white arrows. Since we were only able to perform this high-resolution scanning in one orientation, it was not possible to obtain a complete map of the region that could be classified as striate cortex. However, by combining the regions where the myelination could be detected with the functional data from the (b) Two slices from a high-resolution scan of the occipital lobe. Again, in all these scans, white matter is dark and the CSF is bright. The lesion on the right-hand side of these pictures shows up white. Adjacent to the lesion is a small portion of cortex that appears to contain the stria of Gennari, indicated by the arrows. This dark band can be seen if multiple cross-sections are taken through the grey matter, shown by the black lines in the upper panel of (c). When the change in intensity across the cortex is calculated, it is clear that there is a decrease in intensity in the middle of the grey matter. (c, lower panel). retinotopic mapping, we were able to demonstrate that this tumour was surrounded by primary visual cortex, and therefore surgical removal could lead to cortical blindness in some regions of the left visual field.
TOWARDS IN VIVO HISTOLOGY
The work presented here illustrates the ability to image the myelin patterns within the cortex. The main advantage of using this method is that it is directly comparable with post-mortem histological staining methods. The bands of myelination that are imaged using MRI are exactly the same as those that are revealed by staining. This is important in being able to link the work using classical neuroscience methods with the more recent neuroimaging methods. However, there are several problems with attempting to characterize the cortex in this way. First, while considerable improvements in the scanning technology have made the reliable detection of the stria of Gennari in the striate cortex possible, the technique is still not yet sensitive enough to detect all the subtle myelin patterns that the cortex contains. For this to happen, there needs to be a significant increase in the sensitivity of the MRI method. The most basic, and most expensive, way to increase the sensitivity is to increase the strength of the magnet used for the MRI. Although 1.5 T is still the most common field strength in the clinical domain, there are now many 3 T scanners being used in the research arena. There are also a small but increasing number of scanners built around 7 T magnets and the highest human imaging system operates at 9.4 T. At present, the large technological and cost overheads of scanning at such high field means that this will not be very widely available for some time. However, it is applications like the potential for carrying out in vivo histology that may make these machines less the preserve of highly specialist labs, and more an essential tool for neuroscience (Robitaille et al. 2000; Wiggins et al. 2005) . Much cheaper methods for increasing the sensitivity, however, should soon be available on many scanners, even those operating at 1.5 T. The design of MRI signal detectors (radiofrequency coils) has advanced considerably over the past 5 years. Specifically, by using an array of multiple detectors, rather than just a single detector, the sensitivity can be significantly increased. These major technological developments will also need to be accompanied by some more basic developments in the way that images are acquired and analysed.
It is important to ensure that the MRI signals used to measure histology correspond to the histological properties found in sections of cortex viewed through a microscope. To measure this correspondence Zilles and colleagues have scanned post-mortem brains with MRI at high-resolution and compared the patterns found with histologically stained sections of cortex (Amunts et al. 2000; Eickhoff et al. 2005) . The use of post-mortem brains means that the MRI scans can be long, which means that the quality of the images can be considerably higher than in the shorter scans that must be used in living subjects. Obviously, this type of work with post-mortem brains is not suitable for the ultimate goal of correlating structure and function.
Even, if the MRI methods could be improved sufficiently to reliably image all the myelin patterns in the cortex, this would still not be sufficient to distinguish as many brain regions as is currently done under the microscope, since not all cortical regions have a distinct myeloarchitecture. Histological maps, such as that of Brodmann, rely on many microscopic features of the cerebral cortex such as cell size, shape and density to distinguish regions. These features are far too small to be imaged directly by MRI. However, there are promising signs that it may be possible to find MRI markers that identify the underlying cellular structure. One that is already established and validated is the measurement of the thickness of the cerebral cortex. In the primary motor cortex, for example, the cells are significantly larger and less densely spaced than those in the adjacent sensory cortex (Rademacher et al. 2001) . This microscopic feature results in a bulk change in the thickness of the cortex in this region. Several researchers have now demonstrated that by measuring the thickness of the cortex from MRI scans, it is possible to find such boundaries (Fischl & Dale 2000) , and this method may provide valuable markers for the cellular structure.
The ability to directly probe cell density or type itself would be the optimal way to image histology. As described earlier, some of the fundamental NMR parameters that govern the appearance of MRI scans are themselves sensitive to the molecular environment of the water being imaged. The NMR 'relaxation times' T1 and T2 are examples of these, and by measuring these values and how they vary over the cerebral cortex, some indication of cell structure may be obtained. There is already some evidence that T1 is not uniform over the cortex (Fischl et al. 2004) , but the structural features to which T1 would correlate are not yet clear. Similarly, T2 is sensitive to the neural biochemistry, such as the water and iron content of different tissue types.
Even more promising is measuring the changes in how free water molecules are to diffuse among the microscopic structures of the brain. One of the great advances in MRI as a tool for neuroscience in the last few years has been using water diffusion imaging to infer the direction and strength of brain connections. If the axons in the white matter that carry the signals between neurons are thought of as long tubes, it is perhaps intuitive that individual water molecules are freer to move along these tubes than across them. By using MRI to map the direction that water molecules are most commonly moving, it is possible to predict the direction of the axon at any point. This technique has been successfully been applied to determining connections through the white matter, and it may also be possible to use the sensitivity of this bulk measure to probe the microscopic structural differences within the grey matter.
The range of possible measures for in vivo cortical histology presented here demonstrates the huge versatility of MRI as a technique. Much of this versatility comes from the fact that the method is based on the NMR phenomenon, which is well established as a very powerful technique for evaluating chemical composition and molecular structure. While issues of sensitivity and technical complexity mean that it is not clear how the full characterization power of NMR can be brought to image the human brain, the field is not short of mechanisms to tap that may be able to answer some of the most important questions of neuroscience.
CONCLUDING REMARKS
We have presented data illustrating the ability to detect myeloarchitecture patterns in the cortex of living human beings. Although, the technology has been applied predominantly in the visual system, the rapid advances in methodology are likely to allow the investigation of other brain regions over the next few years.
While being able to understand the relationship between brain structure and function is likely to be crucial in attaining a complete understanding of the brain, the potential of this in vivo technique for understanding diseases of the brain is considerable. It is currently very difficult to detect many neurodegenerative diseases such as Alzheimer's and Parkinson's until there has been considerable damage to the brain and patients have begun to show symptoms. If these diseases could be detected at an earlier stage, the opportunities for pre-symptomatic treatment are much greater. In the future, high-resolution MRI could become a standard method of detecting pathological changes in the brain at the earliest possible occasion, leading to treatment and the minimization of irreversible damage.
